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Antibodies to tubular basement membrane elicited by stimulation with
allogeneic kidney. It has been shown that Brown-Norway (BN) rats
injected with homologous tubular basement membrane (TBM) prepara-
tions develop TBM antibodies and tubulointerstitial nephritis (TIN).
TBM antigen(s) under study was expressed in BN rats and (MAXX x
BN)FI hybrids but was lacking in MAXX rats. (MAXX x BN)F1 hybrid
rats were injected two to five times at weekly intervals with 2 x lO
lymphoid cells from MAXX rats. Circulating TBM antibodies and linear
deposits of IgG along the TBM of proximal convoluted tubules (PCT),
but not interstitial cellular infiltration and tubular damage, were found
in the rats that had received lymph node cells. Spleen cells, thymo-
cytes, X-irradiated, or mitomycin-C treated lymph node cells failed to
elicit the development of the circulating TBM antibody as well as of
TBM immune deposits. In other experiments, (MAXX x BN)F1
hybrids were parabiosed with either parent for 15 days. TBM antibodies
were demonstrated in the sera of hybrid as well as MAXX partners 14
and 20 days after the beginning of parabiosis. Forty days after parabio-
sis, however, TBM antibodies were detectable only in the sera of the
hybrids. Linear deposits of IgG were found in the TBM of all the
hybrids, but the immune deposits were not associated with TIN. TBM
antibody response was not observed in parabiosis of hybrids with BN or
of BN with MAXX. Furthermore, this antibody response was observed
in parabiosis of normal hybrids with anephric MAXX, but not of
anephric hybrids with normal MAXX. The results of these studies
indicate that an immune response to TBM alloantigens can be elicited
by lymph node cell transfer or parabiosis. The most plausible explana-
tion of this finding is that MAXX lymphoid cells circulating through the
hybrid kidney are stimulated by the TBM alloantigen, or that the
parental lymphoid cells induce a mild graft-versus-host reaction charac-
terized by an allogeneic effect.
Apparition d'anticorps antimembrane basale tubulaire (TBM) apres
stimulation par un rein allogenique. Ii a Cté montré qu'apr8s injection de
preparations homologues de TBM, les rats Brown-Norway (BN) déve-
loppent des anticorps anti-TBM et une néphrite tubulo-interstitial
(NTI). Le ou les antigenes de TBM étudiés existaient chez des rats BN
et chez des hybndes (MAXX x BN)FJ, mais non chez des rats MAXX.
Deux a cinq fois, a une semaine d'intervalle, 12 x 108 cellules
lymphoides ont eté injectées a des hybrides (MAXX x BN)F1. Chez les
rats ayant recu les cellules lymphoIdes, nous avons trouvC des anticorps
anti-TBM circulants et des depOts linéaires d'IgG le long de Ia TBM du
tubulaires proximités convolutCs (TCP), mais ni infiltration cellulaire
interstitielle, ni lesion tubulaire. Des cellules spleniques, des thymo-
cytes et des cellules ganglionnaires irradiées ou traitdes par de la
mitomycine C n'ont pas entraInC Ic ddveloppement d'anticorps anti-
TBM circulants, ni de depOts immuns Ic long de Ia TBM. Dans d'autres
experiences, des hybrides (MAXX x BN)F1 ont étd mis en parabiose
avec l'un de leur parent pendant 15 jours. Nous avons trouvé des
anticorps anti-TBM dans le serum des hybrides et dans celui des
partenaires MAXX, 14 et 20 jours aprés le debut de Ia parabiose.
Cependant, au bout de 40 jours de parabiose, des anticorps anti-TBM
n'Ctaient détectables que dans le plasma des hybrides. Des depOts
linCaires d'IgG Ctaient trouvCs dans les TBM de tous les hybrides, mais
n'Ctaient pas associCs avec une NTI. II n'a pas étd observe de
production d'anticorps anti-TBM aprés parabiose d'hybrides avec des
rats RN ou de BN avec des MAXX. En outre, Ia production d'anticorps
a etC observCe après parabiose d'hybrides normaux avec des MAXX
anCphriques, mais non l'inverse. Ces rCsultats indiquent qu'une rC-
ponse immune a des allo-antigénes de TBM peut btre induite par le
transfert de cellules lymphoIdes ou par parabiose. L'explication Ia plus
plausible de ce fait est que les cellules lymphoIdes de MAXX traversant
Ic rein hybride sont stimulCes par un allo-antigène de TBM, ou que les
cellules lymphoides parentales induisent une reaction greffon-contre-
hOte modCrCe caractérisée par l'effet allogenique.
Several models of tubulointerstitial nephritis (TIN) mediated
by antibodies to the tubular basement membrane (TBM) of
proximal convoluted tubules (PCT) have been described in
guinea pigs [1], rats [2, 3] and mice [4—6]. Renal lesion was
elicited by immunization of animals with homologous [21 or
xenogeneic [1, 3—6] kidney suspensions or crude preparations
of TBM. Strain-dependent differences in the appearance of
TBM-specific antigen were noted in rats, indicating that this
antigen is a tissue-restricted alloantigen [2, 7—9]. It was shown
that transplantation of a homologous kidney from an alloanti-
gen-positive rat to an alloantigen-negative rat generated the
formation of antibodies to TBM [7, 8]. A similar observation
was made in human kidney transplantation [10]; apparently, in
man, the TBM-specific antigen is also an alloantigen [10, 11].
The results of the present study showed that immune re-
sponse to TBM alloantigen accompanied by deposition of IgG
along TBM may be elicited in rats by administration of lymph
node cells from a TBM antigen-negative donor to a IBM
antigen-positive recipient. Furthermore, parabiosis between
TBM antigen-positive hybrid rat and TBM antigen-negative
parental partner resulted also in formation of TBM antibodies
and accumulation of IgG along TBM of the hybrid. This
alloimmune response was not associated with development of
TIN.
Methods
Animals. Rats of "inbred" strains were obtained from com-
mercial sources, MAXX from Microbiological Associates, Be-
thesda, Maryland, Fischer 344 (F344) and Lewis (LEW) from
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Table 1. Results of transfer of 2 x 108 lymphoid cells into (MAXX x BN)F1 hybrids
No. of No. of
No. of animals with
Deposits of IgG Circulating TBM
recipients Origin of cells injections along TBM antibodies
14 MAXX lymph nodes 2 to 3 11 8
14 MAXX spleens 3 to 4 0 0
6 MAXX thymuses 5 0 0
6 BN lymph nodes 5 0 0
6 MAXX lymph nodes;
irradiated cells 5 0 0
6 MAXX lymph nodes;
mitomycin-C treated cells 5 0 0
10 PBS injection instead of
cells 5 0 0
Table 2. Results of parabiosis experiments
Strain combination
No. of
pairs
Deposits of
IgG along
TBM
Circulating
TBM
antibodies
(MAXXXBN)F1
and
MAXX
8
8(+++)
0
8(++)
8(+)
(MAXX x BN)F
and
BN
6
2 (+ focal)
2(±)
0
0
MAXX
and
BN
7
0
4(+—±)
0
0
Anephric (MAXX x BN)F1 hybrid
and
MAXX
6
0
0
0
(MAXX x BN)F1 hybrid
and
Anephric MAXX
4
4 (++) 4 (++)
4 (+)
Charles River, Wilmington, Massachusetts, and Brown-Nor-
way (BN) from the Scripps Clinic and Research Foundation, La
Jolla, California. Segregating progeny of MAXX and BN rats
were bred in our animal facilities.
All rats used in these studies were housed in plastic cages and
received standard Purina rat pellets and water ad libitum.
Immunization. All immunizations were performed with a
P344 kidney. A 50% (w/v) homogenate of kidney was prepared
in phosphate buffered saline, pH 7.2 (PBS). This homogenate
was incorporated into an equal volume of complete Freund's
adjuvant containing 8 mg of heat-killed Mycobacterium tuber-
culosis H37RAIm1 (Freund's adjuvant in an incomplete form
and M. tuberculosis were purchased from Difco Laboratory,
Detroit, Michigan). Inoculations were made into footpads.
Each inoculation consisted of two i.c. injections, 0.1 ml each, of
the antigen-adjuvant mixture. BN rats received two inocula-
tions; the second was administered 2 weeks after the first.
(MAXX x BN)F1 hybrids and MAXX rats received three
inoculations at biweekly intervals.
Kidney transplantation. Eleven male MAXX rats weighing
250 to 280 g each were transplanted with kidneys from (MAXX
x BN)F1 hybrids. After excision of the recipient's right kidney,
an orthotopic graft was performed with ureter to ureter anasto-
mosis; before its removal, the donor's kidney was perfused in
situ with a heparin-saline solution cooled to 40 C [121. The cold
ischemic time was approximately 40 mm. Left kidneys were
excised from five recipients on day 7 after transplantation; the
remaining six recipients retained their left kidneys.
Injection of lymphoid cells. Lymph nodes, spleens, and
thymuses were removed aseptically from MAXX or BN rats
and pressed through a metal mesh #220. Cell viability was
assessed after trypan blue staining; their concentration was
adjusted to 2 x 108 living cells per ml. This suspension was
injected intravenously at weekly intervals for a total of two to
five injections. Some preparations of lymph node cells from
MAXX rats were irradiated with 2000 rad or treated with
mitomycin-C, 500 .g/l0 ml of cell suspension.
(MAXX x BN)F1 hybrids were used as recipients of lym-
phoid cells in all experiments. They were divided into seven
groups listed in Table 1. All the recipients were submitted to
unilateral nephrectomy at 7 weeks and sacrificed at 27 weeks
after the initial injection.
Parabiosis. Parabiosis experiments were performed in five
groups of rats which appear in Table 2. The technique of
celeomic parabiosis was employed [13]. The rats were separat-
ed after 15 days of parabiotic union. Blood samples were
obtained by heart puncture on days 7 and 14 of parabiosis and
then 5, 25, and 80 days after termination of parabiosis. All rats
were unilaterally nephrectomized at 10 days and sacrificed at 80
days after the termination of parabiosis.
Some parabiosis experiments were conducted with one
nephrectomized partner. To this end, a (MAXX x BN)F1 rat
underwent left nephrectomy under general anesthesia, and
immediately thereafter it was joined in parabiosis with a MAXX
rat. The hybrid was the right and MAXX the left partner. Four
days after parabiosis the hybrid partner underwent right
nephrectomy. For the next 3 to 5 days, peritoneal dialysis was
performed; 10 ml of Inpersol containing 0.5% of dextrose
(Abbott Laboratories, North Chicago, Illinois) were injected
intraperitoneally into the hybrid rat; two to three injections
were administered every day. The injected fluid was distributed
to the peritoneal cavities of both partners by gentle massaging.
In other experiments performed in an analogous way, the
MAXX partner was nephrectomized; the hybrid partner re-
tained its kidneys. In these experiments, the MAXX rat was the
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Table 3. Presence of tubular basement membrane (TBM) alloantigen
in rats
TBM
antigen
positive
rats
No. of rats
tested No. %
BN 50 50 100
MAXX 50 0 0
(MAXX x BN)F1 hybrid 50 50 100
(MAXX X BN)F2 hybrid 35 25 71
MAXX x (MAXX x BN)F backcross 17 9 55
right and the hybrid rat was the left partner in parabiosis. In the
first 10 days of parabiosis, the mortality rate approached 50%.
However, all the rats that survived more than 10 days recov-
ered and remained in good clinical condition. Tests of urine
samples for protein or glucose provided normal results.
Immunopathological studies. Renal tissue, obtained by
nephrectomy or removed at autopsy, was processed and stud-
ied by light-, fluorescence-, and electron-microscopy, as de-
scribed in a previous publication [21. For direct immunofluores-
cence, FITC-labelled goat antisera to rat IgG, C3, and albumin,
purchased from Cappell Laboratories, Inc., Cochranville,
Pennsylvania, were used. The monospecificities of these anti-
sera were confirmed by means of immunoelectrophoresis.
Direct immunofluorescence tests were also performed with
antisera to subclasses of rat IgG. Sheep antiserum to IgG1, goat
antiserum to IgG2 and IgG2, as well as rabbit antiserum to
IgG2, were purchased from Miles Research Products, Elkhart,
Indiana. The gamma globulin fractions of these sera were
obtained by precipitation with ammonium sulfate and were
labelled with FITC, following the procedure described by
Coons and Kaplan [14].
For indirect immunofluorescence, sections of normal rat
kidneys were incubated with samples of rat serum or renal
eluates, After being washed, the sections were stained with
FITC-conjugated goat antiserum to rat IgG.
The strength of reactions was recorded according to the
intensity and extent of immunofluorescence, as and
+ + +. The titer of circulating TBM antibodies was determined
by indirect immunofluorescence. Frozen sections of normal rat
kidney were incubated with serial dilutions of serum tested for
TBM antibodies. After being washed, the sections were incu-
bated with FITC-labelled goat antiserum to rat IgG. The titer
was expressed as the highest serum dilution at which a definite
reaction was observed.
Antibodies in kidney eluates. The eluates were obtained from
homogenized kidneys, extensively washed in PBS, following
the procedure described by Lerner, Glassock, and Dixon [15].
The homogenized samples were incubated for 2 hr with continu-
ous agitation at 37° C in citrate buffer, pH 3.2, 0.03 M. The
eluted immunoglobulin was precipitated in ammonium sulfate,
dissolved in and dialyzed against PBS.
Passive transfer experiments. Two groups of three (MAXX x
BN)F1 hybrid rats were used as recipients. The animals were
injected intravenously each day, for 3 consecutive days, with 1
ml of anti-TBM sera with titers of 40 or higher. One group of
rats was injected with serum containing TBM autoantibodies
formed by BN rats immunized with F344 kidney in complete
Freund's adjuvant. The second group of recipients received
TBM alloantibodies obtained from (MAXX x BN)F, hybrid
parabiosed with MAXX. For the immunopathologic study, one
kidney was removed from the recipient rats 4 days and the
second 10 days after passive transfer of the antisera.
Results
Appearance of TBM antigen in rats. Sera containing autoan-
tibodies to TBM of PCT were obtained from BN rats 3 to 4
weeks after immunization with a suspension of F344 kidney
incorporated into Freund's adjuvant. Sera containing alloanti-
bodies to TBM of PCT were obtained from MAXX rats
immunized with F344 kidney in Freund's adjuvant and from
(MAXX x BN)F hybrids parabiosed with MAXX partners (see
below). Expression of TBM antigen was studied by means of
indirect immunofluorescence test on kidney sections of various
rat strains. All the three antisera listed above provided compa-
rable results. The TBM antigen was present in kidney of F344
and BN rats. In contrast, kidneys of MAXX rats were consist-
ently TBM antigen-negative. This was in agreement with stud-
ies of Lehman, Wilson, and Dixon [3] who, using an antiserum
to bovine TBM, found that LEW, MAXX, and Wistar-Furth
rats were TBM antigen-negative, similar to LEW rats which
were found TBM antigen-negative in our previous [2] and
present studies, as well as in another [8] study. These findings,
however, are in contrast with those reported by Abbas et al [16]
who used a TBM antigen-positive Charles River LEW stock for
their experiments.
It appeared likely that the presence or lack of TBM antigen is
genetically controlled. To approach this problem experimental-
ly, we studied segregating offspring of antigen-positive BN and
antigen-negative MAXX rats for the presence of TBM antigen.
Here again, the three sera mentioned above gave very similar
results. As seen in Table 3, the F1 hybrids were all positive,
which was consistent with the assumption that the TBM antigen
is inherited as a dominant trait. The F2 hybrids were positive for
TBM antigen in 71% of cases, which was close to the 75% to be
expected on the assumption that TBM antigen is inherited as a
simple dominant Mendelian trait. This assumption was also
supported by the results obtained in backcrosses to the antigen-
negative parental strain MAXX. The observed proportion of
positive animals of 55% came close to the expected 50%.
TBM antibodies and TIN in response to immunization with
kidney suspension. Results of immunization with suspension of
F344 kidney incorporated into complete Freund's adjuvant are
presented in Table 4. All four BN rats developed severe TIN
with diffuse linear deposits of rat IgG along TBM. TBM
antibodies appeared in the circulation 2 weeks after immuniza-
tion. Five to 6 weeks after immunization, antibodies reacting
with the brush border of PCT were also detected [2]. In
contrast, MAXX rats developed TBM antibody only. First
evidence of renal disease, the tubular immune deposits, was
noted 2 to 3 weeks after the beginning of immunization. The
lesions closely resembled those described in detail in a previous
publication [2]. Interestingly, the F1 hybrids showed much
milder TIN than the BN parental rats. Also, the deposits of IgG
along TBM were much weaker in hybrids than in BN rats. In
hybrid rats, IgG deposits usually showed an interrupted rather
than a continuous linear pattern. MAXX rats did not develop
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Table 4. Tubulointerstitial nephritis (TIN), effect of immunization of BNa, (MAXX x BN)F1 and MAXX rats with F344" kidney suspension in
complete Freund's adjuvant
No. of rats which
No. of rats No. of rats which Intensity of showed
Total which showed deposits of direct IF circulating TBM
no. developed TIN IgG along TBM for IgG antibodies
BN 4 4 4 +++ 4
(MAXX x BN)F1 8 7 8 + 7
MAXX 6 0 0 — 6
a BN refers to a Brown Norway rat.
b F344 refers to a Fischer 344 rat.
TIN and did not show any depositions of IgG in TBM. These
findings were consistent with the assumption that the TBM
antigen is abundant in BN, scarce in hybrid and absent from
MAXX rats.
In the late stage of immunization with F344 kidney, all rats
showed a mild form of glomerulonephritis with granular depos-
its of IgG in glomerular basement membrane. These findings are
characteristic of Heymann nephritis [17].
Transplantation experiments, All MAXX rats bearing a renal
allograft from (MAXX x BN)F1 hybrids survived through the
experimental period and were sacrificed 18 weeks after trans-
plantation. The histologic study of allografts 5 weeks after
transplantation showed only a few focal perivascular cellular
infiltrates (Fig. 1). The focal, perivascular infiltrates, composed
mainly of mononuclear cells, were still present 10 and 18 weeks
after transplantation. However, at this time peritubular infil-
trates of mononuclear cells and tubular atrophy were also seen
(Fig. 2). Diffuse and severe TIN, comparable to that of BN rats
immunized with the suspension of homologous kidney in com-
plete Freund's adjuvant, was never observed. No histological
abnormalities were found in the recipient's own kidney. There
were no abnormalities in the glomeruli of either the transplanted
or the recipient's own kidney.
Low levels of TBM antibodies were first detected in the
circulation of some MAXX rats 15 days after transplantation.
Ten weeks after transplantation all grafts revealed focal, inter-
rupted, linear deposits of IgG, IgG1 and IgG2a along TBM.
Deposits of C3 were not observed. Thereafter, the deposits of
immunoglobulins became diffuse and continuous and increased
in intensity. After 18 weeks, also linear deposits of C3 were
noted in the same location. By contrast, the recipient's own
kidney did not demonstrate immunoglobulin or C3 deposits.
The glomeruli of the allografts and of the recipient's own
kidneys showed no deposits of IgG or C3.
Transfer of lymphoid cells. Table 1 summarizes results of
experiments concerning the transfer of lymphoid cells. Clinical
signs of acute graft-versus-host reaction (anorexia, diarrhea,
loss of hair, rash) did not appear in any group of rats. Hepato-
splenomegaly was not observed. At autopsy, the gross appear-
ance of the kidneys did not differ from that of the control rats.
Moreover, the rats did not develop proteinuria or glucosuria
during the period of observation. By light microscopy study,
only kidneys of (MAXX x BN)F1 hybrids which had received
MAXX lymph node cells demonstrated a cortical perivascular
infiltration of mononuclear cells. These lesions were very mild
and focal but were observed in all the recipients and were
occasionally associated with areas of tubular atrophy. The
glomeruli were normal. The kidneys from all other rats were
normal.
MAXX lymph node cells elicited deposition of rat IgG along
the TBM in 11 of 14 hybrids, at first in an interrupted and then
in continuous linear patterns. As seen in Figure 3, these
deposits were very distinct. They appeared at 7 weeks and were
still seen at 27 weeks after the initial cell injection. The study of
rat IgG subclasses showed that the immune deposits in the
TBM contained IgG1 and IgG2a but not IgG2 and IgG2.
Deposits of rat C3 along TBM were rarely observed.
By contrast, (MAXX x BN)F1 rats which had received
MAXX spleen or thymus cells or BN lymph node cells did not
demonstrate TBM immune deposits. Moreover, after pretreat-
ment of MAXX lymph node cells with x-irradiation or mitomy-
cm-C, no TBM deposits were observed. The glomeruli were
normal in all animals.
Circulating antibodies to TBM were found 7 weeks after the
initial injection in eight of 14 (MAXX x BN)F1 hybrids which
had received MAXX lymph node cells. The titer was as low as
20. The antibodies were capable of reacting with the TBM of
F344, BN and (MAXX x BN)F1 kidneys but not with the TBM
of LEW or MAXX kidneys. The antibodies were no longer
detectable 27 weeks after the initial injection. None of the
recipients of MAXX spleen cells, thymocytes or BN lymph
node cells demonstrated circulating antibodies. The sera from
hybrids which had received either MAXX x-irradiated or mito-
mycin-C treated lymph node cells did not contain TBM antibod-
ies.
Parabiosis experiments. By light microscopy examination,
only the kidneys of (MAXX x BN)F hybrids parabiosed with
MAXX rats had minimal, focal, perivascular infiltrations of
mononuclear cells. The glomeruli were normal. Other combina-
tions, such as MAXX and BN or BN and (MAXX x BN)F1
hybrid, did not show histological abnormalities of the kidneys.
The study by electron microscopy of renal tissues selected from
parabiosed rats did not show significant abnormalities of gb-
mcmli or tubules.
As shown in Table 2, diffuse and marked deposits of rat IgG
along the TBM were present in all (MAXX x BN)F1 hybrids
parabiosed with MAXX rats. This was very similar to the
picture observed in (MAXX x BN)F, hybrid that received
MAXX lymph node cells. By contrast, no IgG deposits were
seen in the kidneys of MAXX partners. Deposits of rat IgG
along the TBM were also found in two of six pairs of (MAXX x
BN)F1 hybrids joined with BN rats and in four of seven BN rats
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Fig. 1. Focal, perivascular infiltrates of mononuclear cells (arrow-
heads) in the cortex of a (MAXX x BN)F1 hybrid kidney, 5 weeks after
transplantation into a MAXX rat. Hematoxylin and eosin. (X350)
parabiosed with MAXX rats. However, these immune deposits
were very slight and focal.
During the first 7 days after parabiosis, none of the rats
demonstrated TBM antibodies in the circulation, as shown in
Figure 4. Fourteen days after parabiosis, titers of 40 became
detectable by indirect immunofluorescence. The antibodies
were still demonstrable in both (MAXX x BN)F1 and MAXX
partners 20 days after parabiosis. However, 40 days after the
parabiosis, antibodies to TBM were detectable in (MAXX x
BN)F1 but not in MAXX rats.
No circulating antibodies to TBM were observed in parabio-
sis of BN rats and (MAXX x BN)F1 hybrids or of BN and
MAXX during the observation period.
None of the partners in the parabiosis of anephric (MAXX x
BN)F1 with MAXX demonstrated antibodies to TBM, but all of
the sera taken from the partners of the parabiosis of (MAXX X
BN)F1 with anephric MAXX contained antibodies to TBM.
Reactions of these antibodies with glomeruli, renal medulla,
lung, and liver were never observed. The antibodies displayed
Fig. 2. Peritubular infiltrates of mononuclear cells in a (MAXX X
BN)F1 hybrid kidney, 18 weeks after transplantation into a MAXX rat.
Hematoxylin and eosin. (x250)
reactivity with kidney sections of BN and F344 but not of
MAXX and LEW rats.
Study of immunoglobulins eluated from kidney tissue. The
eluates from kidneys obtained from each of the four groups of
rats (immunized with homologous kidney, receiving a renal
allograft, receiving lymphoid cells, or submitted to parabiosis)
were analyzed by indirect immunofluorescence. Kidney sec-
tions of normal BN, MAXX, (MAXX x BN)F1 hybrids, and
LEW rats were used as substrata. All the eluates reacted with
the TBM of BN and (MAXX x BN)F1 hybrid not with the TBM
of MAXX and LEW rats. The TBM-reactive antibodies were
eluted only from kidneys which had deposits of IgG along the
TBM.
Study of passive transfer of TBM antibodies. The results
obtained with the passive transfer of TBM autoantibodies or
alloantibodies were similar. Faint, linear deposits of rat IgG
were seen along the TBM of PCT, but not in glomerular
basement membranes, 4 and 10 days after passive transfer. The
morphology of the kidneys appeared constantly normal.
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Fig. 3. Direct immunofluorescence study of a
renal section from a (MAXX x BN)F1 hybrid
rat which had received MAXX lymph node
cells. Linear deposits of rat IgG are present
along the TBM of PCT. (x200)
E
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Fig. 4. TBM antibody response in parabiosis of(MAXX X BN)F hybrid
with MAXX rats. Symbols are defined as follows: 0 0, (MAXX
x BN)FJ hybrids (N = 6);I • MAXX (N = 6).
Discussion
In the last decade, considerable interest was devoted to
autoantibody formation to TBM and the accompanying TIN.
The first studies along this line were conducted by Steblay and
Rudofsky [1] in guinea pigs immunized with rabbit TBM
preparations incorporated into Freund's adjuvant. The disease
could be transferred passively by an injection of sera from
nephritic into normal guinea pigs, providing evidence that the
disease was mainly mediated by humoral antibodies [18]. Other
studies on guinea pigs, performed in several laboratories [19],
have contributed to clarify the pathogenesis of this experimen-
tal model. Studies were also conducted on rats by immunization
with homologous [2] or heterologous [3] kidney suspension or
TBM preparations incorporated into complete Freund's adju-
vant and in mice immunized with heterologous TBM (4—6). In
all these experiments, linear deposits of IgG, and usually
complement, along TBM was demonstrated by means of immu-
nofluorescence technique. In most animals, light microscopy
revealed a typical picture of TIN. Free humoral antibodies to
TBM could be demonstrated in sera of some immunized rats,
notably BN.
The TBM antibodies were conveniently detected by indirect
immunofluorescence tests after incubation of antibody-contain-
ing sera with the sections of kidneys. In conducting these
experiments with TBM antibodies induced in the rat by immuni-
zation with rat [2, 8] or bovine [3] TBM, it was noted that some
rat strains, such as LEW, MAXX, Wistar-Furth, and AS, did
not have the corresponding TBM-specific antigen [2, 3, 8]. On
the other hand, rats of all other strains tested, including BN,
Sprague-Dawley, F344, AGUS, WAG, PVG/C, August, DA,
and Wistar, contained this antigen [2, 3, 8]. From these studies
it was concluded that TBM-specific antigen is an alloantigen.
Studies performed in LEW rats showed that these animals
never developed the above described pathological lesions as a
result of immunization with a Sprague-Dawley [2] or DA [8]
kidney in adjuvant. On the other hand, they formed readily
TBM antibodies. It was also demonstrated that LEW rats form
TBM antibodies as a result of transplantation of (LEW x
BN)F1 [7], (LEW x F344)F1 [20] or DA [8] kidneys. Hart and
Fabre demonstrated that in the LEW/DA model the locus
coding for the kidney-specific TBM alloantigen was not linked
to the major histocompatibility complex [8]. Further, it was
found that this alloimmune response did not induce morphologi-
cal graft damage [8].
In the present studies, very similar results were obtained
after MAXX rats were submitted to similar immunization or
transplantation with TBM antigen-positive kidneys. As shown
by Hart and Fabre [8], the appearance of TBM antigen is
unrelated to the major histocompatibility complex of the rat,
640
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Response to TBM alloansigen 563
RT1. Information about inheritance of the TBM antigen was
gained from the present study conducted on the segregating
progeny of BN and MAXX rats. The results obtained strongly
support the contention that this antigen is inherited as a
dominant Mendelian trait.
The experiments on transfer of lymphoid cells were conduct-
ed on (MAXX x BN)F1 hybrids which were injected with
parental lymphoid cells. Definite effect of such injection was
observed when the recipient received lymph node cells of
MAXX origin. This resulted in the appearance of circulating
TBM antibodies and accumulation of IgG along the TBM of the
recipient. The simplest explanation for these findings is that
lymphoid cells of the antigen-negative parent MAXX produced
antibodies against the TBM antigen inherited by the hybrid
animals from BN parent. The MAXX cells could have become
sensitized in passing through the recipient's kidney and encoun-
tering the alien TBM antigen. Significantly, x-irradiated or
mitomycin-C treated cells of MAXX lymph nodes had no effect
on the recipients. Still, another plausible explanation is that
parental lymph node cells induced mild graft-versus-host reac-
tion and conditioned formation of autoantibodies by the hybrid.
Such mechanism has been proposed by Osborne and Katz, who
have shown that graft-versus-host reaction induces an intense
stimulation of the antibody response [21]. Against this assump-
tion the experiments are argued in which lymph node cells
originating from the antigen-positive parent BN did not have
effect on the hybrid, even though these BN cells were likely to
elicit similar graft-versus-host reaction as MAXX cells. Inter-
estingly, spleen or thymus cells of MAXX origin injected in a
similar number and in a similar way as lymph node cells, failed
to produce a TBM antibody response in the recipient. The
inability of thymus cells to generate the TBM immune response
might be ascribed to the absence of B cells in the inoculum. The
spleen cells might have been ineffective because of the preva-
lence of suppressor cells in our preparation [22]. The interpreta-
tion of these findings requires further study.
Parabiosis experiments were facilitated by the weak histo-
compatibility barrier between MAXX and BN rats. Being RT1
identical, MAXX-BN partners did not show any gross abnor-
malities for over 3 weeks of observation. Furthermore, parabio-
sis of (MAXX x BN)F with a MAXX or BN partner was
maintained up to 3 months without noting any apparent
abnormality.
The most impressive tubular changes were observed in the
hybrid partners joined in parabiotic union with the antigen-
negative MAXX parents. All such animals showed very definite
IgG deposits in TBM. As expected, the MAXX partner did not
show any deposits. Humoral antibodies were found in both
partners but, interestingly, they were stronger in the hybrid
than in the parental partner. Here again, we believe that
antibodies are produced by the immunologic apparatus of the
antigen-negative parental partner. These antibodies were then
deposited in the TBM of antigen-positive hybrid. We do not
have a satisfactory explanation why the antibody titer was
higher in the hybrid than in the parental partner. This finding
was, however, consistent. It is possible that parabiosis between
two parental strains elicited a much weaker anti-TBM response
than parabiosis between BN and (MAXX x BN)F hybrids
because of the shortened survival of homozygous parental
MAXX cells in the BN rats due to lymphocytotoxic activity
against non-MHC lymphocyte antigens, such as those termed
Ag-K [23, 24]. Because the F1 rats have lower density of these
antigens on their surface, their lymphocytes may escape de-
struction. The control in which anephric (MAXX x BN)F1
hybrid was joined with a normal MAXX rat did not lead to
antibody formation. This finding could have been anticipated
because of the removal of the source of antigen. On the other
hand, when a normal (MAXX x BN)F1 was joined with an
anephric MAXX rat, antibodies were formed (apparently by the
MAXX partner), and IgG was deposited in the hybrid kidney.
Why parabiosis between two parental strains elicited a much
weaker anti-TBM response than parabiosis of the hybrid with
antigen-negative parental rat is unknown. Likewise, we cannot
offer a satisfactory explanation for the minimal TBM deposits of
IgG observed in two of six parabiotic pairs composed of
(MAXX x BN)F1 hybrid and antigen-positive BN parent.
These marginal findings are likely to be of no significance or,
otherwise, they may represent symptoms of very mild graft-
versus-host reaction elicited in the hybrid by lymphoid cells of
the parental rat.
In rats receiving renal allografts, lymph node cells or submit-
ted to parabiosis, the immune response to TBM alloantigen was
never associated with TIN comparable to that observed in BN
rats immunized with F344 or Sprague-Dawley [2] kidneys.
Likewise, (MAXX x BN)F1 hybrids passively immunized with
TBM autoantibodies or alloantibodies did not develop TIN.
This result is, in part, consistent with that of other investigators
[8] and with the observation that in man antibodies reactive
with the TBM of the graft may develop de novo without
concomitant tubulointerstitial lesions [11]. The pathogenesis of
the focal and mild infiltrates of mononuclear cells found in
(MAXX x BN)F1 hybrid kidneys transplanted into MAXX is
unknown. An immunological mechanism cannot be excluded
since deposits of C3 were found in TBM, together with IgG
deposits, 18 weeks after transplantation.
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